









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in the limit m
D
=,;,=,  1. Several high volume charm experiments are planned
for the future, with 10
8







mixing, can then be probed another 1 2 orders of magnitude
below present sensitivities.
The short distance SM contributions to m
D
proceed through a W box diagram
with internal d; s; b-quarks. In this case the external momentum, which is of order m
c
,















































































is the usual mixing operator while O
0





case of non-vanishing external momentum. The numerical value of the short distance
contribution is m
D




= 200MeV ). The long distance
contributions have been computed via two dierent techniques: (i) the intermediate








GeV , and (ii) heavy









the SM predictions lie far below the present experimental sensitivity!






mixing are so small is that there
are no heavy particles participating in the box diagram to enhance the rate. Hence the
rst extension to the SM that we consider is the addition
8
of a heavy Q =  1=3 quark
which may be present, e.g., as an iso-doublet fourth generation b
0
-quark, or as a singlet
quark in E
6
grand unied theories. The current bound
4




> 85GeV , assuming that it decays via charged current interactions. We can now
neglect the external momentum and m
D





































The value of m
D
is displayed in this model in Fig. 1a as a function of the overall CKM
mixing factor for various values of the heavy quark mass. We see that m
D
approaches
the experimental bound for large values of the mixing factor. A naive estimate in the









Another simple extension of the SM is to enlarge the Higgs sector by an additional
doublet. First, we examine two-Higgs-doublet models which avoid tree-level FCNC by
introducing a global symmetry. Two such models are Model I, where one doublet
(
2
) generates masses for all fermions and the second (
1
) decouples from the fermion
sector, and Model II, where 
2
gives mass to the up-type quarks, while the down-type
quarks and charged leptons receive their mass from 
1
. Each doublet receives a vacuum
expectation value v
i









. The charged Higgs











































= cot  in both models and A
d





. The expression for m
D
in these models can be found in Ref. (9). From the
Lagrangian it is clear that Model I will only modify the SM result for m
D
for very
small values of tan , and this region is already excluded
2,10






mixing. However, enhancements can occur in Model II for large values of tan , as
demonstrated in Fig. 1b.
Next we consider the case of extended Higgs sectors without natural avor con-
servation. In these models the above requirement of a global symmetry which restricts
each fermion type to receive mass from only one doublet is replaced
11
by approximate
avor symmetries which act on the fermion sector. The Yukawa couplings can then
possess a structure which reects the observed fermion mass and mixing hierarchy.
This allows the low-energy FCNC limits to be evaded as the avor changing couplings
to the light fermions are small. We employ the Cheng-Sher ansatz,
11
where the avor























being the relevant fermion masses and 
ij
representing a combination of mixing
angles. h
0
can now contribute to m
D
through tree-level exchange and the result is






mixing can also be
mediated by h
0
and t-quark virtual exchange in a box diagram, however these contribu-
tions only compete with those from the tree-level process for large values of 
ij
. In Fig.
2b we show the constraints placed on the parameters of this model from the present
experimental bound on m
D
for both the tree-level and box diagram contributions.






mixing that we will discuss here is that of
scalar leptoquark bosons. Leptoquarks are color triplet particles which couple to a
lepton-quark pair and are naturally present in many theories beyond the SM which
relate leptons and quarks at a more fundamental level. We parameterize their a priori





. They participate in m
D
via virtual exchange
inside a box diagram,
12
together with a charged lepton or neutrino. Assuming that
there is no leptoquark-GIM mechanism, and taking both exchanged leptons to be the




















The resulting bounds in the leptoquark coupling-mass plane are presented in Fig. 3.
We close our discussion by displaying the expected branching fractions for various
rare charm decay modes in the SM in Table 1. We present both the short distance pre-
dictions (neglecting QCD corrections, which may be important in some decay modes),
an upper bound on the long distance estimates, as well as the current experimental
limits.
4,13
For more details we refer the reader to Ref. (3). We urge our experimental
colleagues to continue the search for rare charm processes!
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Table 1. Standard Model predictions for the branching fractions due to short and long distance




in (a) the four generation SM as a function of the CKMmixing factor with
the solid, dashed, dotted, dash-dotted curve corresponding to m
b
0
= 100; 200; 300; 400
GeV, respectively. (b) in two-Higgs-doublet model II as a function of tan  with,




= 50; 100; 250; 500; 1000GeV . The solid horizontal line corresponds to the present
experimental limit.
Fig. 2: (a) m
D
in the avor changing Higgs model described in the text as a function
of the mixing factor with m
h
0
= 50; 100; 250; 500; 1000GeV corresponding to the solid,
dashed, dotted, dash-dotted, solid curve from top to bottom. (b) Constraints in the
mass-mixing factor plane from m
D
from the tree-level process (solid curve) and the
box diagram (dashed).
Fig. 3: Constraints in the leptoquark coupling-mass plane from m
D
.
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